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BASIC-ABSTRACT: 

NOVELTY - The fluorescent beam (Ke) generated on irradiation of fluorescent 
pigment labeled specimen by excitation light (Le). The fluorescent beiam is 
made into the parallel beam by a condenser lens (51 ), and center portion of the 
beam is masked by a shading board (60) and only the peripheral portion is 
passed through pinhole. The fluorescent light from the pinhole is detected by 
a detector (70). 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for optical 
measurement apparatus. 

USE - The method is used in genetic engineering field to detect dioxy ribo 
nucleic acid (DNA) content from a specimen labeled With fluorescent pigment. 

ADVANTAGE - As the diameter of the pinhole is extremely small, the light from 
the specimen is effectively detected that prevents noise components, even if 
there are some manufacture errors. 

- DESCRIPTION OF DRAWING(S) - The figure shows DNA "array reader." 

Condenser lens 51 

Shading board 60 
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Japan Patent Office is not responsible for any 
damages caused by the use. of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3 . In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical measurement approach and equipment which detect the fluorescence 
generated from the specimen in which the indicator was carried out to the detail by the exposure of excitation light by the 
fluorochrome about the optical measurement approach and equipment 
[0002] 

[Description of the Prior Art] In recent years, the technique in the gene engineering field develops quickly, and the human 
genome project which sets it as one purpose to decode the base sequence of the human genome considered to also amount to 
100,000 pieces is developed. 

[0003] On the other hand, the research on DNA which has affected various gene diseases is also progressing, and the 
microarray technique attracts attention as the one approach. 

[0004] What calls cDNA (an example of the specific binding matter) from which a large number by which this microarray 
technique is already decoded differ the microarray arranged in the range of 1 .8x1 .8 (cm) on the slide glass used as a substrate 
about 6400 pieces as a spot of the dot sizes 50-150 (micrometer), cDNA Or 8x12 on a nylon membrane filter (cm), In the range 
of 7x5 (cm) or 22x22 (cm), as a spot of the dot size about 0.5-1 (mm), respectively 588 pieces, What is called the macro array 
put in order 27000 pieces 5000 pieces, or it is a technique using what is called the DNA chip Which arranged about 64000 
synthetic oligonucleotides in the range of 1.28x1.28 (cm) on a silicon substrate as a spot of the dot size 50 (micrometer) (the 
above-mentioned microarray -.) collineation of a macro array, the DNA chip, etc. is carried out, and, in this case suppose that a 
"DNA array" is called. . ; 

[0005] That is, the specimen A of DNA taken out from a healthy person's cell by which the indicator was carried out by 
Fluorochrome a is dropped at each cDNA.on this DNA array with a pipet etc., and Specimens A and cDNA are made to 
hybridize. A DNA array is processed with a predetermined solution after processing of this high BURITAIZU, the specimen A 
by which high BURITAIZU was not carried out with cDNA is removed "from each spot, and the specimen A by which high 
BURITAIZU was carried out with cDNA is left behind to each spot. And the excitation light La which excites Fluorochrome a 
at the spot (it is henceforth called a specimen spot) of each specimen on the DNA array to which the above-mentioned 
processing was performed is scanned relatively, and the identification signal showing the detection result of the fluorescence 
generated by the exposure of this excitation light La is acquired. 

[0006] The value of the ratio of the identification signal which carried out also about the specimen B of DNA taken out from the 
cell of those who have the gene disease by which the indicator was carried out by Fluorochrome b in the same processing as the 
above, acquired the identification signal showing the detection result of the fluorescence generated by the exposure of the 
excitation tight Lb, and was acquired from each specimen spot of Specimen A for every specimen spot, and the identification 
signal which were acquired from each specimen spot of Specimen B calculates. 

[0007] The value of fiie ratio of these identification signals reads the value of the ratio of the identification signal for 50 places 
as a table matched with the specimen spot from which that signal was acquired sequentially from the one where the value of the 
ratio of the identification signal in each specimen spot is larger since the specimen spot at which abnormal DNA was dropped 
becomes large (or it becomes small), and DNA which is abnormal based on this table is specified. 

[0008] In addition, since many confocal optical system with the shallow depth of focus with high spatial resolving power is used 
for the optical system which detects the fluorescence emitted from each specimen spot on support By passing the pinhole 
arranged in the focal location of another side of said confocal optical system in the fluorescence emitted by the exposure of the 
excitation light to the specimen spot on the DNA array made in agreement with the focal location of confocal optical system 
from the specimen spot, and detecting Noises, such as fluorescence generated in locations other than the above-mentioned 

specimen spot* are removable. - 

[0009] 

[Problem(s) to be Solved by the Invention] However, fluorescence may occur also from the component which forms the support 
by which an excitation light strong not only against a specimen spot but the support which sticks with a specimen spot and holds 
this specimen spot was irradiated when the thickness of each specimen spot on a DNA array was very as thin as 1 micron or less 
and excitation light was irradiated, and this excitation light was irradiated. Since the fluorescence generated from the support 
which is not this measuring object progresses an optical path almost equal to the optical path of the fluorescence generated from 
a specimen spot, it cannot fully remove but incidence necropsy appearance wiU be carried out to a detector by the pinhole with 
the fluorescence generated from the detection spot. . 

[0010] That is, the fluorescence which is not the measuring object generated from support mixes in the fluorescence generated 
from the specimen spot which is the original measuring object, and it becomes the fluorescence containing many noises, and if 
the fluorescence containing many this noise is detected, it will become difficult to detect the reinforcement of the fluorescence 
generated from each specimen spot in a high precision. 



[QO 1 1 ] In addition, this kind of technical problem is a technical problem not only common to the technique of a DNA array but 
other optical metering devices which make the measuring object only the fluorescence emitted from one point of the specimen 
(it names genencally below and is called a specimen) used as the candidate for detection by which excitation light was 
irradiated. 

[0012] This invention aims at offering the optical measurement approach and equipment which can obtain a reliable 
measurement result by reducing the incidence to the detector of fluorescence generated from other than the specimen which is 
made in view of the above-mentioned situation, and serves as the measuring object, and raising the S/N ratio of the fluorescence 
detected. 
[0013] 

Paeans for Solving the Problem] The optical measurement approach of this invention irradiates excitation light at the specimen 
by which the indicator was carried out by the fluorochrome, makes the fluorescence generated from the specimen etc by the 
exposure of this excitation light the parallel flux of light, it shades or distributes the flux of light of the center section of this 
parallel flux of light, condenses at the back pinhole which made only the periphery of the parallel flux of light go straight on and 
is characterized by to detect the fluorescence which passed through the pinhole. ~ 
[0014] An exposure means to irradiate excitation light at the specimen to which the indicator of the optical metering device of 
this invention was carried out by the fluorochrome, The 1st optical member which makes the fluorescence generated from said 
specimen by the exposure of this excitation light the parallel flux of light, A means to shade or distribute the flux of light of the 
center section of this parallel flux of light, and to make only the periphery of this parallel flux of light go straight on The 2nd 
optical member which condenses the periphery of said parallel flux of light, and the pinhole arranged by the condensing point of 
said this condensed flux of light, A means to make only the periphery of said parallel flux of light which is what is characterized 
by having the detector which detects said fluorescence which passed through this pinhole go straight on It can consider as 
optical members, such as a protection-from-light member which attenuates the reinforcement of the center section of the parallel 
flux of light, a convex lens to distribute, a concave lens, or an optical diflusion plate, and further, it can unite with the 2nd 
optical member, or these means can be made exchangeable 

[0015] ' . 

[Effect of the Invention] According to the optical measurement approach and equipment of this invention, the fluorescence 
generated from the specimen spot made to adhere to support by the exposure of excitation light is made into the parallel flux of 
light by the 1st optical member. Since fluorescence is detected by refracting or distributing the flux of light of the center section 
of this parallel flux of light, removing from the optical path of the parallel flux of light, carrying out incidence only of the flux of 
light of. a periphery to the 2nd optical member, making it condense, and passing a pinhole The rate that the fluorescence besides 
toe measuring object generated from the support allotted before and after the specimen spot is detected as a noise can be 
lessened. 

■J 0 !? 1 l^T™ 7 ' * e flUX ° f Whi0h C3n P asstl F 0U gh this pinhole if the path.of the above-mentioned pinhole is very small J 
ideally Although there is no noise since it is only the light converged on the pinhole which emitted light from the specimen spot 
progressed in parallel with an optical axis, and was allotted to the focal location of the 2nd optical member Since there are a 
mechanical error on manufacture, a locational error on an assembly, etc. in an actual pinhole, if the diameter of a pinhole is 
extremely made small, the fluorescence used as the measuring object generated from a specimen spot will also be omitted by the 
pinhole. However, since the light generated from support in the flux of light converged before and behind Pinhole Ph is the flux 
of light (an optical axis and flux of light with the small include angle to accomplish) with whenever [ incident angle / shallow ] If 
a^means to shade the center section of the flux of light is airanged between the 1st and the 2nd optical member, since whenever r 
above-mentioned mcident angle ] can mainly shade a shallow light It compares with the strength reduction of the fluorescence ' 
which occurs from a specimen spot and passes through Pinhole Ph. The rate of the fluorescence generated from the specimen ■ 
spot which the reinforcement of the fluorescence besides the measuring object with whenever [ incident angle / shallow ] which 
occurs from support and passes through Pinhole Ph decreases greatly, and is occupied about the reinforcement of the 
fluorescence detected becomes large relatively. Therefore, the fluorescence generated from the specimen spot which is the 
original measuring object is detectable by the high S/N ratio 
[0017] 

[Embodiment of the Invention] The gestalt of concrete operation of the DNA array reader which applied hereafter the optical 
metering device which enforces the optical measurement approach of this invention is explained with reference to drawing 
[0018] The perspective view showing the DNA array reader whose drawing 1 is the gestalt of operation of this invention the 
perspective view of the DNA array test piece 1 0 with which drawing 2 serves as a reading object by the DNA array reader 
shown m grawingj. , and drawing^ are the.sectional views in the I-I location of drawing 2 . 

[0019]TheDNAarray-testpiece 10 on the front face Ba of **** 11 whichconsists of slide glass High BURITAIZU of the ' 
DNA by which the indicator was carried out by two or more known cDNA(s) (example of the specific binding matter) and 
fluorochromes is earned out. The specimen spot (it is called the specimen spot Ksp below) processed with the predetermined 
solution is arranged in the shape of a matrix. The thickness of **** 1 1 is about 1mm, and, in 1 micrometer or less and the 
diameter of a spot, 30-100 micrometers and spacing of each spot have become [ the thickness of the specimen spot Ksp 
arranged on **** 1 1 ] about 300 micrometers. 

[0020] A DNA array reader 100 irradiates the specimen spot which was made to reflect the excitation light Le emitted from the 
laser tight source 40 with a dichroic mirror 54, and was allotted to the DNA array test piece 10 through the 1st condenser lens 
5 1, as shown in drawing 1 , and it has the composition of carrying out incidence of the fluorescence Ke generated from the 
specimen spot by the exposure of this excitation light to a detector 70 through the 1st condenser lens 5 1 and the 2nd condenser 
lens 52 which form confocal optical system, and detecting it. 

[0021] The central flux of light gobo 60 equipped with the field which shades light in the 1st condenser lens 51 a dichroic 
mirror 54, and the center section on the optical axis of the confocal optical system arranged under the DNA array test piece 10, 



the 2nd condenser lens 52 the pinhole plate 53 And the detector 70 which consists of a photomultiplier is arranged in this order 
To the focus by the side of the 2nd condenser lens 52, the pinhole Ph of the pinhole plate 53 Moreover, it is arranged so that the ' 
specimen spot Ksp on the DNA array test piece 10 may be in agreement with the focus by the side of the 1st condenser lens 5 1 
and the detector 70 is arranged m the location which receives the fluorescence which passed through Pinhole Ph further 
[0022] In addition, the central flux of light gobo 60 pastes up the disk 62 which carried out black alumite processing on the 
center section of monotonous glass 61, as shown in the top view of drawing 4 (a), and the side elevation of drawing 4 (b) it is 
arranged between the 1st condenser lens 5 1 and the 2nd condenser lens 52, shades the center section of the other "flux of light 
from the 1st condenser lens 51 to the 2nd condenser lens 52, and passes only the flux of light of a periphery Moreover the 
above-mentioned dichroic mirror 54 is equipped with the wavelength property of making the fluorescence Ke emitted from a 
specimen penetrating, and reflecting the excitation light Le. 

[0023] The laser light source 40 which injects the excitation light Le of a wavelength field which excites the specimen spot Ksp 
as the parallel flux of light is arranged so that it may be reflected in a specimen spot side by the dichroic mirror 54 and this 
injected parallel flux of light may become the optical axis of confocal optical system with the same axle with it 
[0024] The stepping motors 21 and 22 which make movable [ of the stage 30 ] carry out in the direction of X-Y (to refer to 
(irawin S 1 ) t0 ^ sha P e of two-dimensional are arranged in the stage 30 in which the DNA array test piece 10 is laid and the 
coordinate controller 80 which inputs the location of a law into the focus by the side of the 1st condenser lens 5 1 which forms 
confocal optical system everywhere so that sequential migration of the specimen spot Ksp may be carried out is connected to 
these stepping motors 2 1 and 22. 

[0025] Here, the position inputted by the coordinate controller 80 to the 1 st and 2nd stepping motors 2 1 and 22 means the 
location of all the specimen spots Ksp of the shape of a matrix in the DNA array test piece 10. 

[0026] Next, an operation of a DNA array reader is explained. The DNA array test piece 1 0 is first laid in the location where it 
was decided on the stage 30. At this time, the coordinate of the location of each specimen spot is stored in the coordinate 
controller 80 with matching each location of the specimen spot on the DNA array test piece 10 with the coordinate of X shaft 
orientations on a stage 30, and Y shaft orientations. Based on the coordinate memorized by the coordinate controller 80 each 
stepping motors 2 1 and 22 move a stage 30 into a X-Y flat sur&ce, and are positioned so that the excitation light Le may be 
irradiated by the location of the specimen spot Ksp (1 1) of the beginning on the DNA array test piece 10. 
[0027] If setting of a stage 30 is completed, the excitation light Le will be injected from a laser light source 40 It is reflected by 
■ the dichroic mirror 54 and condensed on the specimen spot Ksp (1 l)withthe lstcondenser lens 51. The fluorescence Ke 
generated from the specimen spot Ksp (1 1) by which the excitation light Le was irradiated With the 1st condenser lens 5 1 it 
considers as the parallel flux of light, and a dichroic mirror 54 is penetrated (the excitation light Le mixed in Fluorescence Ke at 
this time is removed from the optical path which is reflected by the dichroic mirror 54 and faces to a detector) The flux of light 
of a center section is shaded with the central flux of light gobo 60, only the flux of light of a periphery is condensed with the 2nd 
condenser lens 52, and me parallel flux of light which penetrated the dichroic mirror 54 passes through Pinhole Ph, and it . . 
carries out incidence to a detector 70, and by the detector 70, the reinforcement is detected and it is outputted to the external 
processor 200. 

[0028] The location of the specimen spot Ksp (1 1) outputted from the coordinate controller 80 and the value of the 
fluorescence outputted from the detector 70 on the strength are inputted into the external processor 200, and it matches and 

memorizes. 

[0029] Here, the detail of the operation about a central flux of light gobo is explained. Drawing 5 (a) As shown in - (c) the 
optical system of a DNA array reader is simplified, and the confocal optical system 90 is formed with the 1st condenser' lens 91 
and the 2nd condenser lens 92. Setting the Z-axis as the optical axis of this confocal optical system, and using the focal location 
by the side of Zp and the 2nd condenser lens 92 as Zq for the focal location by the side of the 1st condenser lens 9 1, the pinhole 
plate 93 is arranged so that a pinhole Phi may be made in agreement with the location of Zq. 

[0030] If the point light source Tg is arranged to Zp as shown in drawing 5 (b), light Li emitted from the point light source Tg is 
made into the parallel flux of light with the 1st condenser lens 91, with condensing Nl lens, it will be condensed by the pinhole 
Phi and this parallel flux of light will pass through a pinhole Phi . 

[003 1] Next, if it moves to the location of Zp-1 as the point light source Tg is moved to that of the direction of - from the 
location of Point Zp along with the Z-axis and it is shown in drawing 5 (a), the light Li emitted from the point light source Tg 
serves as the flux of light converged without becoming the parallel flux of light with condensing Ml lens, and with the 2nd 
condenser lens 92, it wiU be condensed by point Zq-1 by the side of Z shaft-orientations minus of a pinhole Phi, and it will pass 
through a pinhole Phi . Since only the flux of light (an' optical axis and flux of light with the small include angle to accomplish) 
with whenever [ incident angle / shallow ] passes through a pinhole Phi alternatively in the light Li condensed by point Zq-1 at 
tins time, the path of the flux of light which occurs from point Zp-1 and passes pinhole Phi via the 1st condenserlens 91 and the 
2nd condenser lens 92 becomes thin, and angular aperture also becomes small. 

[0032] Moreover, if the point light source Tg is moved in the direction of + from the location of Zp along with the Z-axis and it 
moves to the location of Zp+1 on the contrary as shown in drawing 5 (c), the light Li emitted from the point light source Tg will 
serve as the flux of light emitted with condensing Ml lens, and will be condensed with condensing Nl lens by point Zq+1 by the 
side of Z shaft-onentations plus of a pinhole Phi . Since only the flux of light (an optical axis and flux of light with the small 
•include angle to accomplish) with whenever [ incident angle / shallow ] passes through a pinhole Phi alternatively in the light Li 
condensed by point Zq+1 like the above at this time, the path of the flux of tight which occurs from point Zp+1 and passes 
through a pinhole Phi via the 1st condenser lens 9 1 and the 2nd condenser lens 92 becomes thin, and angular aperture also 
becomes small. 

[0033] The relation between the location of the above-mentioned point light source Tg and the reinforcement of the light Li 
which passes through a pinhole Phi serves as a depth response curve as shown in the curve KR (z) of drawing 5 (d) the 
reinforcement decreases as the location of the point light source Tg separates from Zo, and the quantity of light which carries out 



incidence to a pinhole as compared with the case where die direction at the time of moving the location of the point light source 
1 g towards minus of the Z-axis makes it move to a plus direction decreases more greatly 

[0034] Here, if the central flux of light gobo 95 is arranged between the 1st condenser lens 91 of the above-mentioned confocal 
optical system 90, and the 2nd condenser lens 92 as shown in drawing 6 (a) - (c), the flux of light of a center section will be 
shaded and only the flux of light of a periphery will come to pass through a pinhole. Therefore, although the value of the 
fluorescence detected from the case where the central flux of light gobo 95 is not arranged on the strength decreases even if the 
point light source Tg is m the location of Zp, Zp+1, and Zp-1 throat The rate of the reduction changes with locations of the point 
light source Tg, and the quantity of light which carries out incidence to a pinhole as compared with the case where the direction 

*J .??T° { m0Vmg * e l0Catl0n 0f ^ point source T 8 towards of ™e Z-axis as shown in die depth response curve 
KS (z) oi drawing 6 (d) makes it move to a plus direction decreases more nearly extremely. 

[0035] namely, as shown in drawing 7 , when the fluorescence w used as the noise generated from locations other than the 
fluorescence v and Zp used as the measuring object generated from Zp occurs in coincidence The rate of the reinforcement of 
the fluorescence v used as the measuring object contained in the full strength (reinforcement of the on-the-strength + 
fluorescence w of Fluorescence v) which passes through a pinhole Phi can detect the fluorescence v which the direction when 
the central flux of light gobo 95 is arranged becomes large, and serves as the measuring object by the higher S/N ratio 
Especially the effectiveness that intercepts the fluorescence W used as the noise generated from Z shaft-orientations minus side 
of the focal location Zp is very high. 

[0036] A DNA array reader is made to correspond and the above-mentioned thing is explained. Although the excitation light Le 
injected from the laser light source 40 is condensed by the specimen spot Ksp which was reflected by the dichroic mirror 54 and 
held with the 1st condenser lens 51 at support 1 1 as shown in chawing 8 , a part of excitation light Le penetrates the specimen 
spot Ksp, and also irradiates the interior of support. With the fluorescence v (it is henceforth called the specimen fluorescence v) 
used as the measuring object which the fluorescence w used as the noise which is not the measuring object (it is henceforth 
called the support fluorescence w) generated, and was generated from the specimen spot Ksp, with the 1st condenser lens 5 1 it 
considers as the oudine parallel flux of light, and a dichroic mirror 54 is penetrated from the support P near [ where the 
excitation light Le was irradiated ] the specimen spot Ksp, for example, a point. The specimen fluorescence v and the support 
fluorescence w which penetrated the dichroic mirror 54 are condensed with the 2nd condenser lens 52, it passes through Pinhole 
Ph, and the reinforcement is detected by the detector 70. The support fluorescence w which progresses the optical path which 
generated many of quantity of lights of the support fluorescence w which serves as a noise at this time from the support located 
behind the specimen spot Ksp on an optical axis Z although the incidence to a detector 70 is prevented with the pinhole plate 
53, and met the optical axis passes through Pinhole Ph, and is detected as a noise. Here, if the central flux of light gobo 60 is 
inserted between the 1st condenser lens 5 1 and the 2nd condenser lens 52, since the reinforcement of the support fluorescence w 
which serves as a noise as mentioned above can be decreased at a bigger rate than the reinforcement of the specimen 
fluorescence v which is the measuring object, the rate of the noise contained in the reinforcement of the fluorescence detected 
with a detector 70 decreases. 

[0037] After the measurement in the first specimen spot Ksp (1 1 ) is completed, the measurement location of a degree is 
inputted into stepping motors 2 1 and 22 from the coordinate controller 80, and the DNA array test piece 10 is moved so that the 
excitation light Le may be irradiated by the specimen spot Ksp (2 1). And the excitation light Le is irradiated by this specimen 
spot Ksp (2 1), the same measurement as the time of measuring the first specimen spot Ksp (1 1) is performed, and that result is 
memorized by the external processor 200 like the above. In addition, since what is necessary is just to detect the relative 
reinforcement of the fluorescence generated from each specimen spot Ksp in the above-mentioned measurement, measurement 
precision is not degraded even if the absolute value of the reinforcement of the fluorescence detected decreases by insertion of a 
central flux of light gobo. 

[0038] By repeating the above actuation, all the specimen spots Ksp on the DNA array test piece 1 0 are measured and the 
location of all these specimen spots Ksp and the value of the reinforcement of the fluorescence generated from the specimen 
spot are matched with a processor 200, and it memorizes. Same measurement is performed also about the DNA array test piece 
which was made to hybridize the specimens B and cDNA of DNA by which the indicator was furthermore carried out by 
Fluorochrome b, and was processed with the predetermined solution, and DNA manifestation analysis etc. is performed as 
everyone knows based on these correspondence relation. 

[0039] Moreover, the protection-from-light field of the center of the central flux of light gobo 60 may be the thing which 
vapor-deposited the metal thin film, or the thing which carried out split-fcce processing so that light might be diffused that what 
is necessary is just the field which attenuates the amount of transmitted lights, even if light is not shaded completely Moreover 
the structure may be the structure of supporting the gobo 62 of the center section of the ring 63 with three stanchions 64 as 

shown in drawing 9 (a). - - - - - • 

[0040] Moreover, the central flux of light gobo 60 can prepare heights or a crevice in the center of monotonous glass 6 1 as 
shown in drawing 9 (b) and (c), and it can also use it as the optical member equipped with the protection-from-light field which 
Pinhole Ph is made refracted on the way, is distributed, and excepts the other light from an optical path at it 
[0041 ] Moreover, high detection of a S/N ratio can be further performed by arranging the central flux of light gobo 60 
exchangeable by [, such as changing the protection-from-light area size of a center section, ] preparing the detection gestalt 
suitable for each contents of measurement. 

[0042] Moreover, effectiveness equivalent to the above can be acquired by [, such as preparing heights in the center section of 
the 2nd condenser lens 52, as shown in drawing 9 (d), ] forming the aforementioned protection-from-light means in the center 
section of the 2nd condenser lens 52 at one. 

[0043] As mentioned above, according to the optical measurement approach and equipment by this invention, the incidence to 
the detector of fluorescence generated from other than the specimen used as the measuring object can be reduced, and a reliable 
measurement result can be obtained by raising the S/N ratio of the fluorescence detected. 
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[Translation done.] 



